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ABSTRACT PET measurements of stimulant-induced dopamine (DA) release are

typically performed with antagonist radioligands that bind to both the high- and low-
affinity state of the receptor. In contrast, an agonist radioligand binds preferentially to
the high-affinity state and is expected to have greater sensitivity to DA, which is the
endogenous agonist. ["CIMNPA, (R)-2-CH30-N-n-propylnorapomorphine (MNPA), is a
D, agonist radioligand with subnanomolar affinity to the Dy receptor. The aim of the
present study is to assess and compare the sensitivity of the agonist radioligand
["'CIMNPA and antagonist radioligand ['!Clraclopride to synaptic DA levels. Four cyn-
omolgus monkeys were examined with ["'CIMNPA and ["Clraclopride (16 PET mea-
surements with each tracer) at baseline and after pretreatment with various doses of
amphetamine. The effect of amphetamine was calculated by the change in binding
potential (BP) analyzed with the multilinear reference tissue model (MRTMZ2).
Amphetamine caused a reduction in [*ICIMNPA BP of 4% at 0.1, 23% at 0.2, 25% at
0.5, and 46% at 1.0 mg/kg. [''C]Raclopride BP was reduced to a lesser extent by 2% at
0.1, 16% at 0.2, 15% at 0.5, and 23% at 1.0 mg/kg. The data were used to estimate the
in vivo percentage of high-affinity state receptors to be ~60%. These results demon-
strate that [''CIMNPA is more sensitive than ['!Clraclopride to displacement by
endogenous DA, and that it may provide additional information about the functional
state of the Dy receptor in illnesses such as schizophrenia and Parkinson’s disease.
Synapse 59:260-269, 2006. Published 2006 Wiley-Liss, Inc.!

INTRODUCTION

PET neuroreceptor imaging can be combined with a
pharmacological challenge to measure indirectly the
extracellular levels of neurotransmitters. That is, the
competition of endogenous neurotransmitter and PET
radioligand for binding to the target receptor can be
used to assess changes in the transmitter itself. The
most extensively studied system to date with this
paradigm is that defined by the DA D, receptor. Phar-
macological challenges that either increase or de-
crease synaptic concentrations of DA are combined
with PET imaging of the Dy receptor using tracer
doses of the radioligand. For example, agents that
increase synaptic DA concentrations like amphet-
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amine (AMPH) or methylphenidate have been shown
in human and nonhuman primates to decrease Dy
receptor radioligand binding (Carson et al., 1997;
Farde and Hall, 1992; Innis et al., 1992; for review
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see Laruelle, 2000; Laruelle et al., 1995; Volkow
et al., 1994). Similarly, agents that reduce synaptic
DA levels (e.g., reserpine or o-methyl-p-tyrosine)
decrease competition by the endogenous transmitter
and thereby “unmask” D, receptors and increase
radioligand binding (Ginovart et al., 1997; Laruelle
et al., 1997; Verhoeff et al., 2001).

These endogenous competition studies have typi-
cally been performed with antagonist radioligands,
such as ['Clraclopride. Antagonists of G-protein
coupled receptors, such as the Dy receptor, have equal
affinity for receptors in the high (i.e., coupled) and
low (i.e., uncoupled) affinity states. In contrast, ago-
nists bind preferentially to the high affinity state
(Creese et al., 1984; George et al., 1985; Seeman
et al., 1985; Sibley et al., 1983). Since DA is the
endogenous agonist for the Dy receptor, it would more
effectively compete with the binding of an agonist,
compared with an antagonist radioligand. In addition
to being more sensitive to competition by endogenous
transmitter, an agonist radioligand for the Dy recep-
tor will provide in vivo information on the percentage
of receptors in the high affinity state, which may well
be abnormal in disorders such as schizophrenia
(Farde et al., 1987; Laruelle et al., 1996), Parkinson’s
disease (de La Fuente-Fernandez et al., 2001; Tedroff
et al., 1996), bipolar disorder, and unipolar depression
(Anand et al., 2000; Parsey et al., 2001).

Several ex vivo (Cumming et al.,, 2002; Kohler
et al., 1981; Ross and Jackson, 1989; Van Der Werf
et al., 1983) and in vitro studies (Sibley and Creese,
1983; Sibley et al., 1983) have demonstrated that the
agonist radioligand [PHINPA (norpropylapomorphine)
binds preferentially to the high affinity state of D,
receptors in rodent brain. After AMPH administra-
tion, greater inhibition of [’H]NPA binding compared
with antagonist radioligands supports that the two
radioligands may bind to a separate subpopulation of
Dy receptors. In line with this observation, recent
PET imaging studies with Dy agonist radioligands in
animals support preferential labeling of D, receptors
in the high affinity state (Cumming et al., 2003;
Mukherjee et al., 2004; Narendran et al., 2004; Wil-
son et al., 2005). For instance, the agonist radioligand
["'CINPA has been reported to have a 42% larger
decrease in binding after AMPH administration com-
pared with the antagonist [*'Clraclopride (Narendran
et al., 2004).

Finnema et al. (2005a) recently reported the label-
ing of the high affinity DA D, agonist [''CIMNPA,
which is a methoxy analog of NPA. Both NPA and
MNPA are highly selective for the D, receptor com-
pared with the D; receptors (Gao et al., 1990). By
using the methylation approach, ['!CIMNPA is more
easily synthesized than [!CINPA. In addition,
[M'CIMNPA has higher affinity for the D, receptor
compared with [1'CINPA:IC5, of 1.02 nM or K; of 0.17
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nM compared with ICsq of 4.80 nM or K; of 0.8 nM,
respectively (Gao et al., 1990; Neumeyer et al., 1990).
The reported D; selectivity of NPA:IC5, of 640 nM or
K; of 340 nM and MNPA ICsq of 3,340 nM or K; of
1,780 nM, with a Dy/D; K; ratio of 425 for NPA and
10,500 for MNPA (Gao et al., 1990). In preliminary
PET measurements performed in cynomolgus mon-
keys, high uptake was seen in brain regions known to
contain high densities of Dy receptor, with a maxi-
mum striatum to cerebellum ratio of ~2.2. The stria-
tal uptake of ["'CIMNPA could be displaced by injec-
tion of unlabeled raclopride (1.0 mg/kg), confirming
that the striatal binding was associated with satura-
ble sites.

The aim of the present study is to examine whether
the striatal uptake of the agonist radioligand [**CIMNPA
is more sensitive than the antagonist radioligand
[110]raclopride to stimulant-induced DA release. Cyno-
molgus monkeys were examined before and after
increasing doses of i.v. amphetamine. Finally, the data
were used in an attempt to estimate the proportion of
D, receptors in the high and low affinity states in the
anesthetized nonhuman primate.

MATERIALS AND METHODS
Radiochemistry

[MClraclopride and ["'C]MNPA were prepared as
described previously (Langer et al., 1999; Finnema
et al., 2005a). Briefly, ['!CIMNPA was prepared by
methylation of (R)-2-OH-NPA with ['C]methyl iodide,
which is selective to the 2-OH position and confirmed
by high-performance liquid chromatography compari-
son with a standard. The labeling gave an incorpora-
tion yield of 75% and a radiochemical purity of >99%.

PET system

Radioactivity in brain was measured with the Sie-
mens ECAT Exact HR 47 system. All acquisitions
were acquired in 3D-mode (Wienhard et al., 1994). A
three ring detector block architecture gives a 15-cm
wide field of view. The transversal resolution in the
reconstructed image is about 3.8 mm full width half
maximum and an axial resolution of 3.125 mm. The
attenuation correction of the data was obtained with
the three rotating %®Ge line sources. Raw PET data
were then reconstructed using the standard filtered
back projection consisting of the following reconstruc-
tion parameters: 2-mm Hanning Filter, scatter correc-
tion, a zoom factor of 2.17, and a 128 X 128 matrix
size (Wienhard et al., 1994). Emission data for
[MCIMNPA and ['!'Clraclopride were collected contin-
uously for 93 min, according to a preprogrammed ser-
ies of 20 frames starting immediately after i.v. injec-
tion of radioligand. The three initial frames were 1 min
each, followed by 4 scans of 3 min each and the
remaining frames of 6 min.



262
PET studies

Four cynomolgus monkeys (Macaca fascicularis)
weighing 3-4 kg were supplied by Astrid Fagraeus
Laboratory, Swedish Institute for Infectious Disease
Control (SMI), Solna, Sweden. The study was
approved by the Animal Research Ethical Committee
of the Northern Stockholm Region. Anesthesia was
induced and maintained by repeated i.m. injections of
a mixture of ketamine hydrochloride (3.75 mg/kg h
Ketalar"™, Pfizer) and xylazine hydrochloride (1.5 mg/
kg h Rompun®™ Vet., Bayer). The head was immobi-
lized with a fixation device (Karlsson et al., 1993),
and body temperature was maintained by Bair Hug-
ger-Model 505 (Arizant Healthcare Inc., MN) and
monitored by a rectal thermometer (Precision Ther-
mometer, Harvard Apparatus, MA). Cardiac and res-
piratory rates were measured every 20 min.

A total of 32 PET measurements were performed
over 1.5 years with [Y"CIMNPA (n = 16) and
[MClraclopride (n = 16) in four monkeys. A baseline
measurement was performed in the morning and a pre-
treatment measurement in the afternoon of the same
day. AMPH was injected i.v. as a 30 s bolus ~20 min
before injection of ["'CIMNPA or [*'Clraclopride. For
each dose of AMPH, the same monkey was used in
the comparison of the two radioligands. Each monkey
had a minimum 1-month interval for recuperation
between experimental days.

D-Amphetamine (Apoteket, Stockholm, Sweden) was
administered at four doses (0.1, 0.2, 0.5, and 1.0 mg/kg,
expressed relative to the sulfate salt). These doses are
similar to those used for PET imaging and microdialy-
sis studies in nonhuman primates (Breier et al., 1997,
Laruelle et al., 1997; Moghaddam et al., 1993).

Image analysis

The parametric images of binding potential (BP)
and relative blood flow (R;) were generated from the
original reconstructed PET data with a two-parame-
ter multilinear reference tissue model (MRTMZ2)
(Ichise et al., 2003). The R; PET image was fused
with the BP image using a tool in PMOD Version
2.55 (Pixel-wise modeling computer software, PMOD
Group, Zurich, Switzerland). Anatomical regions of
interests (ROIs) were manually defined on the fused
image for left and right striatum, thalamus, and cere-
bellum. The MRTM2 model requires a priori estima-
tion of a reference region clearance rate (k5), which
was estimated using the three-parameter MRTM
from striatal and cerebellar ROI activities. To opti-
mize the reliability of k5 estimation, a weighted
(according to ROI size) mean value estimated from
the ROI time activity curves (TACs) of the right and
left striatum was used. All parametric imaging was
performed in PMOD (Mikolajczyk et al., 1998)
installed on a PC workstation.
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Regional radioactivity was normalized to injected
activity and body weight by use of % of standard
uptake value [%SUV = (% injection dose/cm? brain) X
body weight (g)]. The radioactivity in the cerebellum
was used as an approximate value for free and non-
specifically bound radioligand concentration in the
brain. The time curve for the ratio of radioactivity
was calculated for each ROI to the cerebellum. Spe-
cific binding to Dy receptors in striatum was defined
as the difference between the total radioactivity con-
centration in the striatum and the cerebellum.

The change in BP after administration of amphet-
amine was calculated according to the equation:

Change(%)
= ((BPAmphetamine - BPBaseline)/BPBaseline) X100

Statistical analysis

On data obtained under baseline conditions, a com-
parison of the two radioligands outcome measure
(BP) was assessed by a repeated measured ANOVA
(RM ANOVA), with the radioligand as the repeated
condition (n = 8 for each radioligand). For each radio-
ligand, the between monkey differences at baseline
were investigated by one-way analysis of variance
(ANOVA), with monkey as group factor (n = 8 for
each radioligand).

The effect of AMPH on the change in BP for each
radioligand was evaluated by a one-way ANOVA. The
change in BP for each radioligand was designated as
the dependent variable and the main effect assessed
for dose, with an interaction between the radioligands
and the ligand X dose. In addition, we applied a RM
ANOVA to the data, including both radiotracers, and
treating each study (study 1 and 2; for each radioli-
gand) as separate observations. In the present study,
we have four monkeys with four different doses of
AMPH, but each monkey received the same dose of
AMPH with both radioligands. Assuming the mon-
key’s baseline values are similar, we treated each
monkey as a separate observation when calculating
the RM ANOVA. The minimum level of significance
was designated as P < 0.05. All statistical analyses
were performed using SPSS version 13.

The reproducibility and variability of the effects of
amphetamine on the change in BP of ['Clraclopride
and [M'C]MNPA were evaluated. Reproducibility were
evaluated by calculating bias (100 X (test — retest/
test)) and variability (standard deviation of the bias).

RESULTS

The injected radioactivity and mass dose were simi-
lar for the two radioligands in the baseline and pre-
treatment conditions. For [M'CIMNPA, the baseline
injection was 54 * 4 MBq and 0.16 = 0.14 pg (n = 8),
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Fig. 1. A: Average time course for regional radioactivity (%SUV)
in the striatum, thalamus, and cerebellum after i.v. bolus injection
of [MCIMNPA at baseline. Values represent (mean + SD; n = 8).
B: Time course for specific binding (%SUV). C: Binding ratios.

and the pretreatment injection was 54 = 5 MBq and
0.17 = 0.14 pg (n = 8). For [!Clraclopride, the base-
line injection was 58 * 2 MBq and 0.28 *= 0.34 pg
(n = 8), and the pretreatment injection was 58 + 3
MBq and 0.23 = 0.26 pg (n = 8). Based on the
injected mass dose and D, receptor B.x of 34 nM
(Ginovart et al., 1997), the mean calculated striatal
receptor occupancy at baseline for ['CIMNPA and
[MClraclopride was 2.0 and 3.0%, respectively.
Following injection of ['!CIMNPA in four monkeys
in the baseline condition, activity concentrated in
striatum, with lower levels in the thalamus that were
still higher than the nonspecific uptake in cerebellum
(Fig. 1A). The specific binding in the striatum peaked

263

between 20 and 30 min after injection, and the ratio
of the striatum to the cerebellum peaked at 60—
70 min post injection at values of 3.0 £ 0.41 (n = 8)
(Figs. 1B and 1C). ['!C]Raclopride had a much higher
ratio of specific to nonspecific uptake than ['CIMNPA.
Thus, under baseline conditions, [*Clraclopride BP
(5.76 = 0.95, n = 8) was significantly higher than
that for [''CIMNPA BP (1.31 = 021, n = 8) (RM
ANOVA F(1,7) = 118.14; P = 0.00). When comparing
the difference between the four monkeys BP values
for each radioligand, no significance between subject
effects were found for [""CIMNPA or ["Clraclopride
(P > 0.10; ANOVA).

Amphetamine effects on [''CIMNPA and
["'Clraclopride BP

The effect of AMPH on the binding of ["'CIMNPA
and ["'Clraclopride was investigated by administering
AMPH i.v. (0.1, 0.2, 0.5, and 1.0 mg/kg) ~20 min
before the injection of radioligand. Table I shows BP
values of [M"C]MNPA and ['!'Clraclopride under base-
line and postamphetamine conditions. AMPH caused
a dose-dependent reduction in ["'*CIMNPA BP of 4%
at 0.1, 23% at 0.2, 25% at 0.5, and 46% at 1.0 mg/kg
(Figs. 2 and 3A). ["'C]Raclopride BP was reduced to a
lesser extent by 2% at 0.1, 16% at 0.2, 15% at 0.5,
and 23% at 1.0 mg/kg of AMPH (Figs. 2 and 3B).
Although the sample size is limited in this study, we
performed a preliminary statistical analysis, which
should be interpreted with caution. A significant dose
effect was observed for both radioligands (P = 0.004;
ANOVA), demonstrating that AMPH reduced the BP
of each radioligand compared with baseline measure-
ments, as shown in Figures 3A and 3B. No statisti-
cally significant differences were found when compar-
ing the interactions between the radioligands and the
effect of dose of AMPH; ligand X dose (P = 0.33;
ANOVA). A statistically significant greater change in
BP for [""CIMNPA compared with [*!Clraclopride was
observed (P = 0.024; ANOVA). When both radioli-
gands and each study was used as a separate obser-
vation in the analysis, no significant effect of dose
was observed (P = 0.11; RM ANOVA).

Reproducibility of the amphetamine effect

The reproducibility of change in BP after amphet-
amine administration was evaluated by calculating
bias and variability. The change in BP across three
doses of AMPH (0.2, 0.5, and 1.0 mg/kg) showed mod-
erate reproducibility with a mean bias of 22% and
variability of 29% for [''CIMNPA and a mean bias of
31% and variability of 11% for [*!Clraclopride.

Percentage of D2 receptors in the
high affinity state

The change in BP ratio ([*'CIMNPA ABP/['C]-
Raclopride ABP) values are given in Table II. Based
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Fig. 2. Parametric images of [''Clraclopride and ["'CIMNPA BP estimated by MRTM2 at baseline and
postamphetamine conditions. Images represent the same monkey for each dose of amphetamine.
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reported variable results in human and nonhuman
primates ranging from 9 to 35% (Abi-Dargham et al.,
2000; Ginovart et al., 1997; Laruelle et al., 1997; Ver-
hoeff et al., 2001). However, even if 30% of receptors
are occupied by DA at baseline, our calculation
increased from 61 to only 70% of receptors in the high
affinity state. The second assumption is that some
portion of the Dy receptors cannot be displaced by DA
and have been termed extrasynaptic. For example,
these receptors could be internalized and capable of
being reached by the lipophilic radiotracer but not by
the positively charged DA molecule. Further studies
with agonist and antagonist radioligands both in vivo
and in vitro are likely to refine these estimates. For
example, preliminary in vivo saturation binding stud-

ies in cynomolgus monkeys with ['CIMNPA and
[MClraclopride have estimated the percentage of Dy
receptor high-affinity state to be around 50% (Fin-
nema et al., 2005b). Thus, both methods (i.e., amphet-
amine-induced displacement and saturation binding
studies) lead to similar estimate that 50-60% of Dy
receptors in four anesthetized primates are in the
high affinity state.

The current results have been interpreted in Figure
4 with the understanding that the ["Clraclopride
binds to a greater number of Dy receptors than
[MCIMNPA, because the antagonist binds to both the
high and low affinity states of the receptor. In fact,
there may be other reasons for differences in B’

max
(available receptor density) between these two trac-
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TABLE II. [""CIMNPA to [*CJraclopride ABP ratios

["'CIMNPA
change
Amphetamine BP/[''Clraclopride
dose (mg/kg) n change BP
0.1 2 1.85
0.2 2 1.51
0.5 2 1.70
1.0 2 2.03
Average of all doses 1.77

ers. For example, the ligands may differ in affinity for
the monomer and dimer forms of the receptor. It has
been demonstrated that Dy receptors exist either as
monomers or dimers in rat and human brain tissue
(Ng et al., 1996; Zawarynski et al., 1998). Benzamide
D, antagonist radioligands bind to both DA Dy mono-
mer and dimer sites, while radiolabeled spiperone
binds only to the monomer sites (Zawarynski et al.,
1998). This has lead to discrepancies in reported den-
sities of Dy receptors in human brain assessed by
PET with B, values for ["'Clraclopride (25 pmol/ml)
and ['Clmethylspiperone (15 pmol/ml) in controls
and disease state (Farde et al., 1990; Wong et al.,
1986). It is possible that ["'CIMNPA may bind only to
the dimer state of the receptor, considering that the
high-affinity state of the receptor is associated with a
higher molecular weight of the receptor possibly lead-
ing to a lower BP value for the agonist radioligand
compared with the antagonist.

Effects of anesthesia

Ketamine produces a dissociative anesthesia medi-
ated by noncompetitive antagonism of the N-methyl-p-
aspartate (NMDA) receptor. Stimulation of DA release
by ketamine has been shown to be selective to prefron-
tal cortex in rat (Verma and Moghaddam, 1996), with
only negligible increases in monkey striatum (Adams
et al., 2002). In the present study, a mixture of ket-
amine and xylazine (2.5 and 1.0 mg/kg, respectively)
was administered i.m. every 40 min at baseline and
during amphetamine challenge conditions. Ketamine,
sometimes at even greater doses, has been found to
have no effect on [*'Clraclopride binding in striatum of
cat (Hassoun et al., 2003) and human brain (Aalto
et al., 2002; Kegeles et al., 2002). However, other re-
searchers have reported ketamine-induced reductions
of striatal [*'Clraclopride uptake in humans (Smith
et al., 1998; Vollenweider et al., 2000) and nonhuman
primates (Tsukada et al., 2000). The contrasting results
of these studies may be related to the dose and manner
of administration of ketamine and the radioligand. In
conclusion, despite contrasting results it cannot be
ruled out that ketamine has some effect on ["'CIMNPA
and [M'Clraclopride binding at both baseline and pre-
treatment conditions.

Independent of any effect of ketamine to release
endogenous DA, anesthesia may also affect the affin-
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and low affinity states. Based on calculations proposed by Naren-
dran et al. (2004) and the assumption that 10% of receptors are
occupied by DA at baseline, our results suggest that ~61% of the Dy
receptors are configured in the high affinity state and ~39% are in
the low affinity state. The two shaded boxes correspond to the pro-
portion of Dy receptors that are available to occupancy by DA.

ity state of the receptor. Seeman and Kapur (2003)
have reported that high concentrations of ketamine
converted the Dy receptor from high to low affinity
state. If these doses apply to the current studies, then
an even higher percentage of Dy receptors will be in
the high affinity state of the awake primate. Finally,
it is worth noting that ketamine and AMPH can
cause changes in blood flow, but this should have no
effect on the measured BP values. As shown by Ichise
et al. (2003), MRTM2 calculations of BP are inde-
pendent of blood flow.

DA D; receptor desensitization
and resensitization

The greater reduction in BP after amphetamine
administration for ["CIMNPA compared with
[MClraclopride may also be secondary to agonist-
induced receptor internalization. Agonist exposure to
G-protein coupled receptors typically causes uncou-
pling (leading to desensitization), which may then be
followed by internalization and subsequent recycling
to surface membrane and recoupling to the G-protein
(leading to resensitization). The data from PET recep-
tor studies combined with pharmacological challenges
to release endogenous transmitter are often inter-
preted as direct competition of radioligand and trans-
mitter for binding to the receptor. In fact, decreased
uptake of radioligand may be the result of the loss of
available binding sites by internalization and a subse-
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quent loss of appropriate three-dimensional binding
to antagonists as well as agonists.

Comparison of PET D, agonist radioligands

The results with ['!CIMNPA are quite similar to
those with ['!CINPA. The baseline striatum/cerebellum
ratio was ~3.0 for [''CIMNPA and has been reported as
2.8 for ['CINPA (Hwang et al., 2005). The mean BP
value at baseline estimated by MRTM2 was 1.31 for
[''CIMNPA, which is similar to the reported V4 value
for [''CINPA of 1.21. The amphetamine-induced reduc-
tion of [''CIMNPA BP in the present study are compa-
rable with those previously published by Narendran
et al. (2004) with ["'CINPA. The highest dose of AMPH
(1.0 mg/kg) examined in both studies, resulted in simi-
lar maximal change in BP with a reduction of 59% and
63% for [''"CIMNPA and ["CINPA, respectively. One
advantage of ["'CIMNPA compared with ['CINPA is
that it is labeled by 'C-methylation, which is a simpler
method than " C-propionyl chloride used for [1'CINPA.
In addition, the 'C-methylation gives higher specific
radioactivity and lower mass dose at the time of injec-
tion.

The in vivo baseline striatal ratio of ~3.0 for
[1ICIMNPA is almost two times higher compared with
[''CIPPHT, ["'C]ZYY-339, and [**F]-5-OH-FPPAT with
ratios in rhesus monkeys of 1.5, 1.5, and 2.0, respec-
tively (Mukerjee et al., 2004; Shi et al., 2004).

For [M'C]MNPA, the mean BP value at baseline
estimated by MRTM2 was 1.31, which is lower than
that reported for ["'"CJPHNO of 2.38 in rat and 2.8 in
human estimated by SRTM (Ginovart et al., 2005a;
McCormick et al.,, 2005). While the BP value was
greater for ['"C]JPHNO, the change in BP after AMPH
was similar, resulting in a maximal change in BP
with a reduction of 59% at 1.0 mg/kg (nonhuman pri-
mate) and 62% at 2.0 mg/kg (rat) for ["'"CIMNPA and
[MICIPHNO, respectively. A greater change in BP with
[M'CIJPHNO was demonstrated in cat brain, showing a
maximal change in BP of 88% after administration of
2.0 mg/kg of AMPH (Ginovart et al., 2005b). The
highest BP values reported in human brain for
[MCIPHNO was 3.38 in the globus pallidus. The
globus pallidus is a region of the brain known to con-
tain moderate to high densities of DA Dj receptor,
but low densities of Ds. The observation of high dis-
placement in cat brain and high uptake in globus pal-
lidus is consistent with early pharmacological binding
studies of CHO cell lines expressing hDs and hDy
receptors. PHNO was reported to have a higher affin-
ity for the hD3 compared with hDy receptor, 8.5 and
0.16 K; (nM) with a hDy/hD3 ratio of 53, compared
with NPA 0.12 and 0.21 K; (nM) with a hDo/hD; ratio
of 0.57 (Freedman et al., 1994). The lack of suitable
selective D3 compounds that can cross the blood-brain
barrier makes it difficult to quantify the exact propor-
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tion of binding to D3 receptors. The DA subtype selec-
tivity of these agonist radioligands needs to be fur-
ther assessed.

In conclusion, ["'"CIMNPA is a promising radioli-
gand for PET-imaging of the high affinity state of Dy
receptors in the primate brain. Stimulation of DA
release with amphetamine caused marked decreases
in BP of ["'CIMNPA in a dose-dependent fashion,
thus demonstrating that the radioligand is sensitive
to the endogenous DA concentration. A DA agonist
radioligand may lead to a further understanding of
the pathophysiology of disorders associated with DA
dysfunction such as schizophrenia and Parkinson’s
disease. Imaging studies utilizing [''CIMNPA, which
has greater sensitivity to changes in DA function,
may be able to assess disease progression, therapeutic
treatment, and the efficacy of neuroprotective agents
more effectively.
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